There has been much research conducted demonstrating the positive benefits of cochlear implantation (CI) in children who are deaf. Research on CI in children who are both deaf and blind, however, is lacking. The purpose of this article is to present a study of five congenitally deafblind children who received cochlear implants between 2.2 and 4.2 years of age. Ratings of video observations were used to measure the children's early communication development with and without the use of their cochlear implants. In addition, parental interviews were used to assess the benefits parents perceived regarding their children's cochlear implants. Two examples are included in this article to illustrate the parents' perspectives about CI in their deafblind children. Benefits of CI in this cohort of children included improved attention and emotional response as well as greater use of objects in interaction with adults. The best overall outcome of CI is not spoken language but better communication.
There has been much research conducted demonstrating the positive benefits of cochlear implantation (CI) in children who are deaf. Research on CI in children who are both deaf and blind, however, is lacking. The purpose of this article is to present a study of five congenitally deafblind children who received cochlear implants between 2.2 and 4.2 years of age. Ratings of video observations were used to measure the children's early communication development with and without the use of their cochlear implants. In addition, parental interviews were used to assess the benefits parents perceived regarding their children's cochlear implants. Two examples are included in this article to illustrate the parents' perspectives about CI in their deafblind children. Benefits of CI in this cohort of children included improved attention and emotional response as well as greater use of objects in interaction with adults. The best overall outcome of CI is not spoken language but better communication.
In the years since the advent of paediatric implantation, a positive effect of cochlear implantation (CI) for people with acquired deafblindness has been reported, both in auditory performance (Hinderlink, Brokx, Mens, & van den Broek, 1994; Martin, Burnett, Himelick, Phillips, & Over, 1988; Pennings et al., 2006; Saeed, Ramsden, & Axon, 1998) as well as in quality of life . Conversely, congenitally deafblind children, among other children with additional disabilities, had not been considered as cochlear implant candidates (Bertram, 2004) . One explanation was the huge medical and psychological problems congenitally deafblind children were forced to contend with: either the CI was too risky a surgical procedure or hearing loss was not the most important problem facing the child.
Almost no research has been carried out concerning congenitally deafblind children and CI. One explanation is the small number of deafblind children compared to deaf children; another is the heterogenic character of the group of congenitally deafblind children with CI.
The small number of reported cases has lead to varied conclusions. Daneshi and Hassanzadeh (2007) compared auditory perception prior to and 1 year following CI in 398 patients, 60 of whom were diagnosed with additional disabilities. The study included three patients with congenital deafblindness and four with autism. All patients showed significant development in speech perception, except for the autistic and congenitally deafblind patients. Saeed et al. (1998) described 10 cases, including one about a congenitally visually impaired child who received cochlear implants by the age of 7 years. The child was congenitally deafblind due to a Rubella virus infection. By the age of 9 years, the child was able to identify speech sounds and follow simple auditory instructions.
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mostly behavioral and not due to the development of spoken language.
In Scandinavia, there is a study group focusing on the experiences of congenitally deafblind children with CI. A small seminar for practitioners and researchers has been held every year since 2004, where cases are presented and discussed. The experiences have been positive regarding the 20 congenitally deafblind children with CI in Scandinavia (January 2007). The outcomes correspond to the experiences from Hannover (Skusa, 2001 ): less isolation, less self-stimulation, more awareness of the surroundings, motivation to investigate the surroundings, understanding of emotional expressions, and, in a few cases, understanding of single words and sentences.
In Scandinavia, there is a strong tradition of focusing upon social interactions and communication in the habilitation of congenitally deafblind children (Janssen & Rødbroe, 2007; . To create and expand social interaction is fundamental for the development of communication and possible later signed or oral language. The emergence of communication takes place via the processes of social interaction during play activities and in natural settings. The partner responds to and expands upon the child's expressions of emotions and desires by regulation of contact, joint attention, turn-taking, and rhythm and tempo using tactile stimulation, etc. (Bjerkan, 1996; Daelman, Nafstad, Rødbroe, Souriau, & Visser, 1999; Janssen & Rødbroe, 2007; Nafstad & Rødbroe, 1996) . The theory involved is linked to research concerning infant intersubjectivity (Trevarthen, 1993; Trevarthen & Aitken, 2001) .
Along these lines, it may be suggested that some of the experienced outcomes of CI in Hannover and Scandinavia can be recognized as important milestones in the communicative development of congenitally deafblind children, especially in the improvement of their abilities in joining and expanding social interactions.
Until now, none of the experiences of congenitally deafblind children has been evaluated by specific test measures or experiments. From the point of departure of the experiences in the Scandinavian countries, this study seeks to evaluate to what extent CI improves the development of social interaction and communication in congenitally deafblind children.
Methods

Participants
Five congenitally deafblind children from different parts of Scandinavia participated. The children were recruited by consultants who worked with families with deafblind children. All available children were included in the project. Because of long distances, it was difficult to make arrangements with deafblind consultants in some of the Scandinavian countries, thus resulting in the small number of participants included in this study. The parents of the children were informed about the project, and all gave their approval to participate.
As shown in Table 1 , the children were between 5.0 and 8.0 years old at the time of testing (mean [M] 5 6.3). Range of age at implant surgery was 2.2-4.2 years (M 5 3.6). At the time of testing, all children had used the CI for at least 1.0 year (M 5 2.8 years). Four children were deaf (dB HL . 80) and one hard of hearing (dB HL . 60). Hearing loss was present at birth in all children. All children were blind (three children: 3/60-1/60 and one child: 1/60-light perception), except one who had low vision (6/18-6/60); 1/60 refers to counting fingers at 1 m and 6/60 at 6 m, etc. . The visual impairments were congenital in all children and not progressive. None of the children benefited from low vision aids. Two of the children had at least low-average intelligence (IQ . 79), and three were classified with intellectual disability (IQ 5 50-69, mild mental retardation). Because of the loss of hearing and vision, it was not possible to evaluate the intellectual disability by psychological testing. For all children, the professionally conducted evaluations, which were based on observations, utilized clinical estimates related to descriptions found in the ICD-10, F70-F79 (WHO, 2007) .
It was reported that all children received ''usual'' intervention, before and after CI. I was not possible to get any precise information about type or frequency of the intervention.
Observational Sessions
The children were observed by video in free play with a known adult (parent or caretaker) in known and natural contexts (home or institution). Background noise and interruptions were avoided. The videotaping was carried out by the consultant. All the children were used to being videotaped.
Because of the heterogeneity of congenitally deafblind children, it was impossible to create a relevant control group. Therefore, the five children were videotaped for about 30 min with their cochlear implants switched on and for another 30 min with them switched off. It was the same play activity and the same adult in all pairs of 30-min episodes with and without CI. The only difference was whether or not the CI was turned off or on.
From both the 30-min observations with and without CI, two episodes of 2-min duration each were selected. Across all five children, this amounts to 10 episodes without CI and 10 episodes with CI. Criteria for selection were the first 2 min of interaction between the child and the adult in the 10-to 20-min and the 20-to 30-min sections of the 30-min observations. No episodes were selected from the first 10 min after the CI had been turned off or on, in order to give the child and the adult time to get used to the situation of being either with or without CI. The observations of Child #1, #2, and #3 were started with CI turned on and of Child #4 and #5 with CI turned off.
Rating Procedure
The 20 episodes of 2 min each were rated using six variables for every turn. A turn was defined as any verbal or behavioral action or reaction as part of the social interaction or communication between the child and the adult. This amounted to about 30-40 turns for every episode. All variables were selected to represent relevant aspects of the early stages of communication development of deafblind children as described in the Introduction section. The variables were selected and constructed in accordance with qualitative methods of video observations used in diagnostic education for deafblind persons (Andersen & Rødbroe, 2006; . Expanded descriptions of the variables as well as rating procedures, methodological and theoretical substantiations, and a user's guide were all provided in a separate paper (Dammeyer, 2006) . Here follows a short-form description of the six variables used in this study. Linguistic signs: When the child or the adult communicates or tries to communicate by single signs or sign-language sentences.
Linguistic speech: When the child or the adult communicates or tries to communicate by single words or spoken sentences.
Nonlinguistic communication: Communicational behavior such as pulling, pointing, screaming, kissing, and twisting the body.
Dialogue. Three categories were used:
Initiative: If the child or the adult tries to establish a new round of communication.
Answer: If the child or the adult responds along the same lines.
No answer: If the child or the adult does not understand their partner. No answer means communication breakdown. If the child does understand the adult but does not want to answer, it is not a ''no answer,'' but an answer.
Quality of communication.
The quality of the communication was rated on a scale ranging from 1 to 5. The rating concerned the communicational act in relation to the development and flow of the communicational situation in general. A 1 rating was given if ''the communicational act makes the communicational interaction much worse,'' whereas a 5 was rated if ''the communicational act makes the communicational interaction much better.'' A 2 rating was given if the communicational act makes the communicational interaction ''somewhat worse,'' 3 ''neither worse nor better,'' and 4 ''somewhat better.'' For example, if the child answered something different than what the adult was asking about, it could be of high quality if it was part of a negotiation that expanded the communicational interaction.
Manipulation of objects. The manipulation of objects was also rated on a scale ranging from 1 to 5. The rating concerned the quality of the manipulation related to the communication. A rating of 1 was given if ''the manipulation of the objects is not at all relevant and does not at all make the communicational interaction better.'' A 5 rating was given if ''the manipulation of the objects is very much relevant and makes the communicational interaction much better.'' A 2 was given if the manipulation of the objects was ''of only little relevance,'' 3 if ''neither relevant nor irrelevant,'' and 4 if ''of some relevance.'' For example, to push a thing away can be a manipulation of high quality if it is of relevance to, that is, in line with and adequate to, the communicational act with the partner.
Attention. This was also rated on a scale ranging from 1 to 5. The score was high if the child paid attention to the social interaction and low if the child did not. A score of 1 indicated that ''The child does not pay any attention to the social interaction,'' whereas a 5 was rated if ''The child pays full attention to the social interaction.'' A 2 was given if the child ''paid only little attention,'' 3 ''neither paid nor did not pay attention,'' and 4 ''paid some attention.'' Emotional response. Emotional response was again rated on a scale ranging from 1 to 5. The variable was high if the emotional response was relevant, that is, in line with and adequate to, the social interaction. A score of 1 was indicative that ''the emotional response not at all is of relevance to the social interaction.'' A 5 indicated that ''the emotional response very much is of relevance to the social interaction.'' A 2 was given if the emotional response was ''of only little relevance,'' 3 ''neither relevant nor irrelevant,'' and 4 ''of some relevance.'' It was not a score of positive or negative emotions. If a child smiles, it can be negative if it is not relevant, adequate, or in accordance with the social interaction taking place.
The episodes were rated by three professionals having many years of theoretical training and practical experience working with congenitally deafblind children. A 1-day seminar was held for practicing the ratings procedures. The raters were not aware whether or not the episodes were with CI. The CI was not removed, only turned off, so it was not possible for the raters to see any difference. The episodes with CI turned on versus turned off were compared using descriptive statistics and nonparametric testing. The data were analyzed in SPSS 15.0.
Interrater Reliability Four episodes were rated independently by two different raters. All three raters participated in the reliability testing. Two episodes with CI and two without CI were used. The raters did not know that the episodes were used for reliability testing. Reliability was calculated using Cohen's kappa, a statistic that corrects for change agreement. A score of 0 means no agreement at all and a score of 1 means perfect agreement. The unit used to calculate the kappa was a turn. Unweighted kappa (j) was used to test the categories of the variables Modality and Dialogue. Kappa with quadratic weighting (j(w)) was used to test the variables Quality of Communication, Manipulation of Objects, Attention, and Emotional Response because these are ordinal scales.
The kappa value with quadratic weighting ranged from 0.61 to 0.86. This level of agreement is considered to be good/excellent (Fleiss, 1981) . The unweighted kappa ranged from 0.73 to 1.00 for all ratings (good/ excellent agreement) except Nonlinguistic Turn with a value of only 0.47 (fair agreement) and Initiative of the Child with a value of 0.57 (fair agreement) (Fleiss) . Nonlinguistic Turn is excluded from the analysis, but Initiative of the Child is maintained because it is close to the level of good agreement (0.60-0.75) (Fleiss) .
Supplementary Methods
As a supplement to the ratings of the video observations, some short screenings were filled out by the parents: Categories of Auditory Performance (CAP) (Archbold, Lutman, & Marshall, 1995 ) is a single-item scale from 0 to 7. Level 0 is ''No awareness of environmental sounds'' and level 7 is ''Use a telephone with a known speaker.'' Speech Intelligibility Rating (SIR) (Allen, Nikolopoulos, Dyar, & O'Donoghue, 2001 ) is a single-item scale from 1 to 5. Level 1 is ''Connected speech is unintelligible .'' and 5 is ''Connected speech is intelligible to all listeners ..'' CAP and SIR are part of the Nottingham Early Assessment Package (Nikolopoulos, Archbold, & Gregory, 2005) used for monitoring the progress in speech and hearing after CI. CAP and SIR are frequently used in research.
Two simple single-item scales to evaluate signlanguage production and understanding were designed for this study because no existing short test for Danish sign language was available. Sign-Language Production Scale (SPS) ranges from 1 to 5. Level 1 is ''The child does not produce signs'' and level 5 is ''The child has a fluent and almost conventional correct sign language.'' Sign-Language Understanding Scale (SUS) ranges from 0 to 7. Level 0 is ''Does not comprehend or attend to signs'' and level 7 is ''Is able to take part in longstanding and complex conversation in sign language.''
The parents were interviewed about central issues concerning the outcome of the CI and its impact on everyday life. A semi-structured interview guide was created. The questions went beyond the variables rated in the video observations. For example: Is it easier or more difficult to understand why the child is sad, happy, or angry? Does the child find it easier or more difficult to move around and explore new environments? Is it easier or more difficult to explain to the child what needs to be done? Is it easier or more difficult for the child to play or generate activities alone? Is it easier or more difficult for the child to sleep at night and be awake during the day? The information supplied by the parents in the interview appears in the Discussion section as a qualitative supplement presented in two examples.
As a part of the interviews, all the parents were asked to assign an order of priority to 10 behaviors affected by CI, including communication, sibling interaction, education, ability to succeed, etc. The same ratings were done by Donaldson, Heavner, and Zwolan (2004) in a study of seven children with cochlear implants, aged 3 to 16 years, all diagnosed with autism spectrum disorder. The child's age at implantation ranged from 3 to 9 years and time with CI from 6 month to 5 years. The responses are explored in the Discussion section of this article. Table 2 displays the results of the video rating for each of the five children and for each of the six variables with and without CI. Combined results for the children are also displayed.
Results
For all children together, the difference between episodes with CI and without CI was significant for the variables Speech Turn (p [two tailed] 5 .002, Fischer's exact test), Quality of Communication, Manipulation of Objects, Attention, and Emotional Response (all p , .000, Mann-Whitney U). Even for some of the children individually, the difference between episodes with CI and without was significant for these variables.
There was no significant difference for the parameters concerning the Dialogue (Initiative, Answer, and No answer for the child or the adult). However, it was relevant, when evaluating the dialogue, to look at the relation between answers and initiatives for both the child and the adult. It could be suggested that the relation between answers and initiatives of the adult and child together was reciprocal. If the number of answers of the child increased, the answers of the adult increased too and the number of initiatives decreased. And in the opposite case, if the number of answers of the child decreased, the answers of the adult decreased too and the initiatives increased. The Ratio of Dialogue was calculated as the sum of answers of the child and the adult divided by the sum of the initiatives of the child and the adult: (answers child 1 answers adult)/ (initiatives child 1 initiatives adult). If the ratio value was 2, the number of answers was double compared to the initiatives in the dialogue. If the value was 1, there were the same number of answers and initiatives in the dialogue. Results are presented in Table 3 . For Child #1, the Ratio of Dialogue is 114% higher in episodes with CI compared to episode without CI. For Child #2, #3, #4, and #5, there were no sizeable differences (differences of no more than 21%).
Results from the screenings rated by the parents are displayed in Table 4 . All children were at least able to sign and understand sentences or phrases at the length of three signs (SPS and SUS 3). Auditory performance was high for Child #1 and #4 (CAP 5 5, ''understands common phrases without lipreading'') and medium for Child #2, #3, and #5 (CAP 5 2, 3, and 2, respectively). Level 2 is ''responds to speech sounds.'' Speech intelligence was low for all children (SIR 5 1 or 2) except for Child #4 (SIR 5 4). Level 1 was ''connected speech is unintelligible,'' and level 4 was ''connected speech is intelligible to a listener who has little experience of a deaf person's speech.'' During the video observations, different observations were made about the children's reactions to the CI being turned off. Child #3 and #5 did not care about the CI being turned off, Child #1 and #4 initially protested, but finally accepted, and Child #2 was happy having the CI turned off.
The parents of the five children all gave an order of priority to 10 behaviors affected by CI. A rating of 1 indicated most affected and a rating of 10 least affected. No answer meant no effect or not relevant. The same ratings were done by Donaldson et al. (2004) in a study measuring progress in seven children with CI and autism spectrum disorder. The ratings from this study and from the autism and CI study are shown in Table 5 . The attention and communicative outcome of the CI was rated as the most important. Education was rated Note. The differences are shown in percent.
by the parents as the least important outcome. The outcome for Child #5 was limited.
Discussion
Despite the small number of children (five) in this study, it was possible to find a significant effect of CI for congenitally deafblind children. Though the outcome of CI was not spoken language, the progress was remarkably related to communication and social interaction. The interaction between the child and the partner measured by the parameters of Quality of Communication, Attention, Manipulation of Objects, and the Emotional Response was better when the CI was used. Improved attention, emotional response, and manipulation of objects are all important issues in the development of communication for congenitally deafblind children (Janssen & Rødbroe, 2007) . The relative difference for a deafblind child in being able to hear just a little seems to have a huge effect for the ability of the child to engage in social interaction and develop communication. The improvement of the variables tells about the improvement of the social interaction between the child and the adult because of the CI. In the education of deafblind children, the creation of social interaction is of great interest . When the adult responds to the child's expressions (e.g., emotions, manipulation of objects) in natural situations, it encourages the child to act in a socially significant environment. These shared social activities lead the child toward shared social meanings and communication and further along the way toward the use of language and engagement in culturally mediated activities. It is through social interaction and communication as a medium for shared meaning that the child's mind will be introduced into a culture (Bakhurst & Padden, 1991) . The dialogue, as measured by the Ratio of Dialogue, was much better for only one of the five children in episodes with CI as compared to episodes without CI. In general, no effect of CI on dialogue can be reported. This runs counter to the effect of CI found upon the other variables. The dialogue describes a more long-standing and focused communication. This can be related to the experience of better flow and more flexibility in communication. Focus, flow, and flexibility, in general, are often problematic issues in the communication with a deafblind child . One explanation of why there was no effect is that the children were still not able to maintain an ongoing dialogue. An average Ratio of Dialogue of 2, as seen in Table 4 , was low. Therefore, the effect of CI was not seen in the dialogue but only in the social interaction measured by the variables Quality of Communication, Manipulation of Objects, Attention, and Emotional Response. Child #1, whose dialogue was much better when using CI, was about 2 years older than the other four children, and of low-average intelligence.
There was a significant change in the use of linguistic turns-taking in the communication. Two of the five children were able to recognize speech sounds (CAP . 3), whereas three were not (CAP , 4). Only one of the children was, at the time of testing, beginning to be able to speak (SIR . 2). Level of speech and auditory performance before CI was not available, though the parents of Child #1 and #4 did report that they had made significant progress. Child #1 and #4 were the only children with low-average intelligence and the only children who protested against turning off the CI. Intellectual levels seem to be an important factor for CI outcome among the children in this study. That having an IQ below 70 may limit CI outcomes has also been reported among deaf/hard-of-hearing children without visual impairment (see Edwards [2007] for review).
The parents' order of priority to 10 behaviors affected by CI of the congenitally deafblind children are concordant with the ratings of the children with autism spectrum disorder in the study of Donaldson et al. (2004) (see Table 5 ). Despite the notable difference between deafblind children and children with autism spectrum disorder, the problems with communication are, in many ways, the same for all groups of deaf/hard-of-hearing children.
The outcome for Child #5 was limited. The parents only rated three behaviors affected by CI. The limited outcome for Child #5 can also be seen in the results from the video analysis. There are no large differences between episodes with CI and without CI for any of the variables except for a few more speech turns in episodes with CI. The relative short time with CI (1.0 year) in addition to the mild mental retardation and low age by testing (5.0 years) can explain the limited outcome for this child. In general, time with CI had among deaf/hard-of-hearing children without visual impairments been reported to be an important factor for CI outcome (Stacey, Fortnum, Barton, & Summerfield, 2006) . Age at implantation had also been reported as important among deaf/ hard-of-hearing children without visual impairment (Stacey et al., 2006) , but it was difficult to draw any conclusions in this study. Child #1 and #4 were implanted by age 4.2 and 2.2 years, respectively, but they both face significant progress 3-4 years after.
In the interviews, all parents report that they would recommend CI to other parents with congenitally deafblind children. None of the parents had any negative experiences related to CI. Before implantation, all parents had only limited expectations for the outcome of CI. Especially, the parents of Child #1 and #5 experienced the outcome as much greater than expected.
To elaborate upon the results from the quantitative analysis in this study, it would be relevant to report the effect of CI on daily living for two of the children. The examples are taken from the interviews of the parents and explain the variables rated in the video observation.
John 2 : ''CI makes it easier to be with John'' (Child
#1)
John is 8 years old and deafblind. He is only able to see light and sometimes contours. He received the CI when he was 4 years old. Before CI, John communicated by tactile sign language. CI gives John new possibilities to get information about his surroundings, and he makes sounds as an inspiration for play and activities. CI makes it easier for John to talk about the world outside.
He recognizes voices and this gives him a sense of who is entering the room. This is how he gets information about other people, actions, and emotions. John is now better able to understand what it means when another child screams if he, for instance, throws an object that hits another child. John likes to explore emotional sounds and can use these to understand other people's emotions and thoughts.
It is possible to help John by using sounds, which makes it possible to continue playing without any disruptions. CI makes the interaction flow. Sounds expand and strengthen the attention to play, activity, and dialogue. Sounds make it more possible to connect actions and meanings.
Four and a half years after the operation, John understands a lot of spoken language, both words and sentences. He answers using signs or gestures to questions like: ''Do you need any more?'' or ''Do you want the car to drive again?'' Lisa: ''Now it is possible to call out to Lisa. It makes me and her much more safe and relaxed'' (Child #3) Lisa is 5 years old. She is deafblind but is able to use her limited vision. After CI, Lisa started slowly to make sense of sounds. She drew attention to sounds in combination with play. She started to imitate sounds she found interesting, and she also imitated the pitch of voices and rhythms. However, her reaction to sound can be difficult to identify.
Lisa has been more relaxed-that is, the most important effect of CI. She uses the sounds around her to make certain that she is not alone and that other children and adults are where they ought to be. Now she also uses her vision much more. She does not need to use her limited vision to control her mom's face; now she can hear the emotional expressions in the pitch of the voice. She can concentrate on signs and movements and communicates with signs and gestures much better than before.
Three years after the operation, she has started to react to sounds without any cues. She turns around when she hears a sound and when she hears her name. It produces a good effect if the partner uses a microphone connected to the CI.
Both examples illustrate how social interaction and communication have improved and how different daily living activities become easier. It is these different aspects of the children's social life that CI improves.
Conclusion
This article finds an overall good effect of cochlear implant use among congenitally deafblind children. The outcome is not spoken language but better social interaction and communication. Episodes of interaction with and without CI shows an effect of CI related to the variables Speech Turns, Attention, Quality of Communication, Manipulation of Objects, and Emotional Response.
Parents' ratings of the effect of CI on different behaviors focus on communication and attention. All the parents would recommend CI to other parents with congenitally deafblind children. Two examples are presented. For both children, different aspects of social outcomes are the most important issue.
CI can be very helpful for the communicative and social development of congenitally deafblind children. CI is a relevant aid in the habilitation of congenitally deafblind children as a support to sign language, tactile sign language, and other modes and kinds of communication methods.
More research is needed to explore the effect of CI on communication and social interaction for congenitally deafblind children and similar groups of deaf/ head-of-hearing children with additional disabilities, for example, autism and intellectual disability. Different aspects of the social interaction can be investigated by longitudinal qualitative case studies or ABA/BAB single-case designs. Research concerning type and intensity of intervention after cochlear implantation and results from congenitally deafblind children with a briefer time since implantation are also needed. 
